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(54) METHOD AND APPARATUS FOR IMPROVING RESIDUAL STRESS IN TUBULAR BODY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a residual stress 
improvement method capable of simply, quickly and surely 
improving a residual stress in a tubular body by reducing the 
residual stress in a tensile state by heating the tubular body 
or making the body to a compressing state. 
SOLUTION: This method comprises: an irradiating process 
with laser beam Lz to a stress improving range Sr desirable 
to improve the residual stress in the tubular body Pi; a 
temperature measuring process for measuring the 
temperature in the stress improving range Sr; a cooling 
process for stopping the irradiation with the laser beam and 
cooling after becoming a prescribed temperature difference 
to the inner and the outer surfaces of the stress improving 
region Sr; and a moving process for moving the laser beam 
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Lz in the stress improving region Sr to the non-irradiation portion in a laser beam irradiation part 1 
after completing the cooling process. 
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Q 

[0 0 9 5] 
[0 0 9 6] 
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10 0 9 7] 
[0 0 9 8] 

iffi«]li»-5S:«-r ^ - 1 ■c««:i*j®<ofL.:t»jgg«:Sd*t«ri» <• 

M*«£kC*J:^lciD|Sti-* (HI (A) #HB) ^ -ot 
il-tB S 2 liJE«I&:tj4*]g-C, rtSS 1 145l?fi(c.*4^c 

HI (B) #BB) „ -e-LT. ^'ti^m^W.S r<r)pms 
) lS.i>'^®S2SrJ^ip-r^o Jt^-T'S-li: (01 (C) 
#flB) S 2 A*?l5RJ&*<^®tC't t) , rt® S 1 

^.75^'bE«)£>:^4^^tc5S:«1-*-t*'W«g-C*-& (HI 
(D) #BB) „ 

[0 0 9 91 

ffi*llt^1-o I112(c^i-«#:<o^@)t&:^e!:«^eAi± 
1 — -r^feL z =Sr BB|^-f ^ V — If ?e:BBtt^^ 1 i: . P - 

2 i: , fc>:'35S:«f^lt S r <7> L z :*^B.B|tSi 

[0 10 0] 

- ■»f 3tfiBit#a 1 14 - -r^t ^ ai -t ^ - -^-'TfciS 

lit, U'-Hfitigil lJ:«)m:^J$itfcV— if^L 2«r 

J!&:tja:ll«its r tcrait-f ^ v-Hf;)feBB|;^SP i 2 t 

I4?fc7r'r/^*'5r-7';l'l 3 ^^LTU— 9-*7tfiBS*SBl 2 
tc3&t>K-5o I'— »f3fciSl 1 liiClTJi, U-W-f:*- 
- Kd^fflv^ibitrv^^o J7t, V--if5fei®l 1 fc LT»4 

[0 1 0 1 1 

m 1 (ommmm) 

m3 (A) , (B) {zmm~^§tmiz*-i)-i>'s»<r>m 

Zi.t>'ffl®liI^^i-o 113 (C) -1113 (E) U3^^5g(c 
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t)^mmm.A l lil--- f?feBB|*#g£J^An<OS|5i5-l4lll2iC 

3^-t«ai&:>3Sc#^gAtllK±|BH:«fi!tT-*i), US 

[0 10 2] 

iii3 (A) , (B) izmi-n^fc^tj^mumtm^'h 

*tTv^4JSSl&*55:S^fiA 1 J4, Wfl!:P i O^ffltlK 

It f> nr s w - -9-* jfeMS*^^ 1 a (c (4 - -^itm^U 
1 2 Bi^^^'p-t^MSimm (-ett{ci4|g5t$tL^cv»*f, c: 
ZX'liA 5' ) r8<a*LTV'^o 
10 [0103] 

l^— f ^HBttSf 1 2 a J4tt:fr|SltCHB*ti}B t r*Hg*ti-4 

«ftt-fl?.jt-t*-t**-e|i;5 (H3 (B) #Bg) o -wfc 

i , I' - -^f ifeBgStSC 1 2 a (C J: -2> U - ^f 5feBB#t«it (4« 
[0 10 4] 

^@(D*>5S:«:*rft(4Je)LTo*iiIT-=?Ti?tL*o i-f> e 

20 —>fytLz HmM-C ^i>XoU- -^Tt.BBIt^g 1 a ?r ge 
(;^7^y7*St 1) o -J-LT, l'--<f*BB.i=f#:a 
1 atC«x.«bttTv»S8<S<OP--tf3fero*rSI51 2 a J: ») 
W— if^feL z ?:I^^UHB»t1--i> (;^x y7'St2) o 
LT, «^P i 0^1-g6lcBEa:?tt3tiaj^a9^#S3tcr 
.jajRS:aiJS-t'5. (;'.-r yyS t 3) o ilOJeL/ciaSd^^ 
^<0iajS7>^if9*^*'JgU-r-& (;^7--y7'S t 4) o SfjgS 

St?ijV»:^-g- (;^7^-y 7'S t 4 T'N0<7)*§-&) -j 'i' 
S t 3 let i:'-pTSaiilS?:^t)iI1-o ^^tiaSt^^o 
i^rJ^-g- (;^-r-7 7'S t 4T-YE S<7)J®#) l^--¥36lKl 

[0 10 5] 

(;;?.xy ys t 4T-YE S) X-\^-^%mM^ 
ai a J: OOl^— <f?tB3tt5rf|fjhi-* (^7- yySt5 

ti^M±J&<r> h^y)^mS2 \i.)B^im,. f*3® S 1 (4 

•yrs t 6) , l*3^1-®OiaS|gA^=5r< ^ofc4^^.-CI4. 
nm S 1 *»EE«IEc:^J«c^lc^ •) P3® S 1 <D3^StE* SrK 
'f-<0^^. ^S6¥S2?rf^S!j$-<i:l'— 9-*7t!!B|=f 
#^1 a ^tt:^r&Jlc^S6$-a-^ (;^x .>'7'S t 7) (H 

Bf-f^ (;^-ry rs t 8) » 
[0 10 6] 

(;'.7"-/ys t 8rYE s<D*^) ^^.x-yys t 2tCJ? 
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o^ii5fe3i*i3r.^j5SclS®i^s rT-^k^^J^-^ (;^x >'7'S t 
[0 10 71 

OU--if3tBB»S51 2 a 5:flXl?#ltrji{)05:^LTV»^ 

tC^Ift-t & i t nltlT* ^ o 
10 10 8] 

2 <o*i(sf^S) 

13 5 (A) . (B) ^^lC2p:%^(C:d-5j^^©#O^S 

^L-ti3cll:^fe<7)-Mt- i ^?*@KL-;(:efcll^ SI-IE® lzi:S. 
i/'^WSIll^r^l-o 1215 (C) -115 (E) 

[0 10 9] 

Mb (A) . (B) lC^i-]aiSJE&*oefc«f«eA2f 

tL^c (2t:SlifetaiT-l± 611) y-'Tt.BBttSB \2hi.*)m 
^icj.o-#ic)£.:t)a:llffliifcS r icv--if^L z im.^ 
■r-5.0 Je^etllSJtS r<OV— if3t:L 2**BBM$ti^cSB 

^fth;ii}-XMim \ tc^-r<)Ot|Bl— cab-So 
[0 1 1 01 

•s^^fif-ffiL, ^s/£>iJ5S:«iaasr^f-7 (ns (c) 
t^— ^-r^ idi^^f 9 (IDS (D) #.BB) itT-)j-.:f)K 
^m-ti>^ti>*-^^i, (@5 (E) #Bg) o 2t:ietwi5 
[Oil 1 ] 

^nmm ic^t©#o?*sj£.;>3 efcu^a a 2 o p - 

■r^feBBW^a 1 b (i W--r5t5?.W6B 1 2 b 6 

C t *^r- 1; -& o i /c, tti&J:: I' - -f TtfiB^fSP 1 2 b O-® 
— y^^feSSItffi 1 2 bOo*,, ttiSOV-— <f5tra«851 2 
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o 

[0 1 12] 

to 1 1 3] 

(» 3 ffy^m^m) 
10 0 6 (A) , (B) mmz^^m'.~i)-i>^^mw<r>n^ 

U'Wffill^^-rc, 0 6 (C) -~U6 (F) t;2^%?gicd- 

^<nm>^\im 2 u^i-^st&^tjefcHiiSA t iie±ra i: 

o 

[0 114] 

116 (A) , (B) »C^-t^Sl&*<7>3cll^SA3-r- 
20 l± P - -If *BB*t#S 1 c m CO U - -ff^BBMSB 1 2 c 

06 (C) +PlgP) tru— r^*BH.8^i-^,„ ;£.:tJ5(c# 

«1SS r OU— )f7lc*^BB|+$*T.fjgp^T% iaSjIIS^S 

t^.^.u54:||-t i i: **r- i ^ <) -!> o n'S^-ts I 

HI {c^^fc<Otig— ■C*-J>o 
JO [0115] 

^<0^^. ^1&#^2 tCTl-— TTtHSft^Sl c*«# 

eet?f?jhL, ^@jstr3cii*!i3i«:iT9 (me (d) # 
-^-r-si^uff^ (me (e) #bb) „ 

[0 116] 

40 limits r<7)a@tD:tJ<oefc#^t431Sr=fToTV^^rv^Se^{C 
Srlrd (116 (F) #M) o u— "f^JSM^e l c**^ 
Srff 0 i t T-jc:>:tiei:««« s r ^•3c^|-r 
[0 117] 

mi (A) ~ (F) *c:*:f|ggtC74-*-^e^<^^etc:>;»3 
50 ffiS:IIJfr'&it*J>oi&^»5fi:«iiaA 4 14, ««:p i rt® 
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[0 118] 

I' -^f 1 d r -f - •r;H 3 d 

TL-— ifTfe^rfS^LTv^i, %7r^^<^--f)y^\ 3d 
<07feSU«x. <bti;t U-^f^feMMSB 1 2 d J: 0 l=-»rtgB 

[0 119] 

117 (A) tc^-f J:^ tcsr. 1=#:P i rtSBtZl — •'f 

«1*S r Ul/— ifJfeL z «:MSt-f'&o f jtL z S-BB 
Sti- * t f«r#Sr«SR T J: 13 flFrSfeiaS A T 1 #ia ? 

) <^M#S:I1I7 (D) Ui^-To 07 (D) tc^-rj;9tzS 
[0 12 0] 

(i*^;5 0 OX:\,z^^-r:htX-v-^%mt^^^\ d J: •) 
0 7 (B) U^rJ:^i;J^*P7K«M¥K4«rlP^$P 

imi (E) izmtc mi (e) o^-ri^ic, n®<7) 

[0121] 

BE^(c.:^7 L T «/ ^ ^^c0. (c ^ o r V » ^ o 
[0 12 2] 

137 (C) »c^-fJ:9lc«^P i J: tj^iP* 

Ttcioi: ^c5ias;5.tf)£>:^<7)4^B*i2i7 (f) (c^fo 40 

[0 12 3] 

v- -• If 3tW5«t*S 1 d r -f /N'^r - r;n 3 d <7> 
$t^Uix— ifjferai^fgpi 2 d**^Jte>HTv^^<;5T% i 

*o 50 
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[0 12 4] 

y3?}i:mm<r>i^-t)ikmt:m-rmx'^^. as (b) i±j£.:?3 

^X^*). ms (C) JiJ$*Pf^<OJc>^J53'*t»*> I) , 08 

(D) (ij:cM^mi^<r>m:fjizm*)^omi^i:m»:Lfz 

t^cr)!Z't)^:^X'$i'0. ms (E) im&^ik<Ol£'t}»:^ 
[0 12 5] 

^ 1 (ommifmTi- (7>mmmm i- ^ l r ^ 
o^@f&^)«o&ii:^ftj±. i=-»:p i <7))i;^^:^[aj<oia«M 

v^^m (jtL-*»3!:ii«iics r) o«gjE&t)^ei!:ii-r^.^b<7> 

[0 12 6] 

us (A) ^z7r^-fi.^\t'^w<nn''stL'tj\ijiL'Mmm. 

-^^ffl^Nl. N2T-|±JEi«^®-C*'&o i-r. 1 — ^ 
%mm^^ 1 e S: -:^Of5i»5fc#«iS Srt||>)-&d» 

t$5-Nl (WT. »1 0««cN 1 t;EgL, V- 

(B) <r)m.n.xm-rtis*)\zti:^^ -tu^-i^. m»i& ( 

i£>*e5:#^^S TX{iK.mmt}i)*^±-ri>o 
[0 12 7] 

:9--6^'iR^L?S@)c-:^(7)53-:i^(i|il8 (C) coH^JCTj^-r i: 

^ •) , » 1 o^itN 1 . ^-ts^mmt-s r ii?i?gi^.?io 

^S/£>^J*^i » 2 <0«i^N 2 T-(±JESI«,#.(7)^g/e 
[0 12 8] 

-e<^m> W--9-'7t.BBS=J-^Sl e^»2 0^«N2tC^ 

O 

[0 12 9] 

i<7)i:i. 1=#P i <7)(L>;^j^;fc(±@8 (D) OH^T 
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10 1 3 0 J 

*^imL. n^it't)(o^^im8 (E) o^mzTT^-rt 
zm^mon^Hc-w^^Lx^^io 

to 1 3 1 I 

fc t <) tc, ^1 (73«itN 1 ay'si 2 2 o^se- 
NiRirm2 (omm.N 2 x'imn<r>^n-imfzLx\^^^j: 

[0 13 21 

-m 3 <r>mmMmitm-rf^'t)^^mm^-rfii:m^'^x t 

n'SJZ-t}<r>^mim^^ti^X'^i>, tfc. isss** 

(r>m^'^mzm.xi>n.^smts<r>iiLm-nm^m^^x. js 

[0 13 3] 
[0 13 4] 

X. Pimy5mi,zmmLXMm^-^fzm'^xi>^o mm-r 
i>mm.mmm9izmttisiox'i)^o wt, um^m 

[0 13 5] 

(1) iBl^O/M-Zm^f^ttl^^^tcisv^mM 
5 0 ?:S*feL. ^5 0 Omm/ s ( 3 0 m/m i n ) <0 

o 

[0 1 3 6J 
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[0 13 7] 

>'W T^ff^i^t: 114. 3 mm, t 1 3. 5 

mm 

: s u s 3 0 4 (s^ftiSJSti 1 0 5 0 1: 

) 

U'--*fai:tj : 4 kw (YAGP-^f) 

EieaJS:!. 4mm/sec (iSiS) 

rt^^^ffioaSM : **?4 0 ot: 

JjD^ias : 4 5 0 t: 

tmM^ : tt:^f^t::f^8 0mm(3vrrt:r = 57 
. ISram, t = 13. 5 mm) 

nffl:frf^U*?Jl 5 mm (R®:^|pJO>^^'V 

[0 13 8] 

^tl. «:^r6jtCi5tt'5)*??8 0mm*(5t?J*;?gilC#?j4 5 0 
[0 13 9] 

(2) /^My5 2 0^Mc7>2 ^^gfUSSItzfflfflt^lfe^ 

m:mWLLfZo 2 ^ firsts LfcSt^Wti. /^•>f7^5 2 
oa®tzi5V^Ti*ft ti-5fig (0** ill 8 0" Ofig 
) tclSSLT^Co 
[0 14 0] 

(3) ^^\^fz±Mimm0kWx-u-'^it^mm\^x^^ 
fzi^mmmirtmnKtm l tzo 

[0141] 

(4) zr<ovim-)5^mwm±. v^m^^—m^^M. 
x^&Lfzo mi ni. ^^amo/NM 7"rtffio«:^ifii<7> 

iS:m,LX^^^:ibib^t>ii^^o 
[0 14 2] 

t) (r :^<o^^}^. t :lro«l?) i^±. »iL 

<fi3y" (r t) W.±;6^i^-(IjDlfe^tt^ Ji^tC-tttlf 
J:v^o i/c. ^o^D«tias^i@?§^biaS*}Pii:"r 
[0 14 3] 

«Fi Lv^o i^c. U~Hf jfcBS|^SC12,12a,12b,12c7:>^<b<?:> 
l^-^f^L z05ijK7!l^ BBlt&auJ: >}Sa^Djfigr-*-5» 
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itLTJi, m.^rf'yy Y0^7->\^:^mm'S. BW 
[0144] 

sec Olfe^ =gr«l»J-t -6 ;t *!) tcii, KiRSiJ lcl±/ ^ o y > 

) [0145] 

tfz. Il4ic:^1-i9ic. I'— r?tHBMS:f?Jh (>^t- 
■y-rs t 5) hfzm:.^n {:^7--yfs t 6) •fi,^i 

U— 9-'3fe«B|*a512, 12a, 12b, 12cO^Sb:^|6]<OS9*|6]3H± 
[0 14 6] 

. 1 cOffiiftS^t LT. 1f#;P i OHS:^|6jtc -Si- 
's. l^«r^Ly'c V—<f36BBM^Sl b, lc«r^ift%0 50 

» t #t!i**l8 *^'fi ^ J: 9 Jil.±^iJ ? Hi: ^ i: * 

[0147] 40 
. ^—^f^Mff^Sl.la-leO^SjC^lfeHrf&oT, 

swuefcis-r* feinted, «#p i oi^jf 

ut±, WiMi^mnifz^t. mi$-(ou-^'^mMu^i~^ 

[0148] 50 



#ra2 005-232586 

30 

ifz. ^1^. ^SJt-:*:^efc^-t^«#:p i tm^m<n 
lElMofS^^Si??] 

[0 14 9] 

[lai ] 11 (A) ^ (D) J±«^^O^atD:^35fcllO^ * 

^ X A (OM^H T•^b -& o 

[0 2] :^%mi~t-i)-^vi^<7)n^fZ'ti?km^m.<om«& 

[US] S (A) , (B) i±:^^mizt^ii-i^i$.<7)n^ 

]Z-ti^m^m.<o-m<oiEmmRirmmmx'^n-. m (c 

) -HI (E) <±*l&??tC5&-*'^l=#:o^@jE&;^5icll;^S 

[a 4 ] in 3 iZ7r^-r'Si^<on^iz-t)^m:fjmiz x 

[0 5] m (A) . (B) (±:*:|S^»C75»;6^^1r#0»§ 

J&*e!i:«^eo'|fio0!lOiEi5H2SlUffi!liiiET-4> ►) , iil ( 
C) (E) l±*%gg(C7>-*»-51rf^o^ait.;t)5fc#:& 

ft t ^-rmB&^^ms T- ^ o 

[0 6] m (A) , (B) l±*flWlC*»;i»-&^#:<0^@ 
, 0 (C) -0 (E) lC7j-*-*l?ff<O^Sl&i) 

IS 7] 0 (A) ~ (C) t±*lfeigiC*-3j»-S©^^O^S 
«B&fif^S0T-*'9. 0 (D) - (F) U'i:(r>t^(r>fH^ 

m<07^mmRr/mtii:^-rmx'$>^o 
[08] 0 (A) it^^miz-i-i)-^'si^<Dn^i&t)^m 
ts<7yiZ'f3^mi7n-rmx-h*). m (b) nf^i^tj^mmm. 

ff)-:fjizm*)^dm)^i1]mLfz t ^ oj&:>3:0-^t-* 1} 
, 0 (c) l4^^^p^^<7)^L.^J^*t?^>^), 0 (d) (±ic.:^j 

*T-^0. 0 (E) liJ^±pm<OtD:^)^*T-*^o 

[0 9] mo|iife?^Sic#*iDlfei-^gft«^*^i-0 

[010] myj'^<o^Bt^^mim-rmx^^o 
[011] J^ip^o.-N'-f yrtMott:frrsjo^@i&^j^5-* 

[0 15 0] 

A. AK A2. A3. A4 'SW<0^^]BMmm 

fi 

Ix la. lb> Ic, Id. le l-—^'itmM^ 

Wl 

1 1 \--^itm 

12. 12a. 12b. 12c U - "f jt fiB^tffi 

13. 13d rW" 
2 
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-♦~u— yiPttflHtaoflt? 




-50 0 50 



70 > h^-vCOSI^ 



(SDlnt.CI.^ 

B 2 3 K 26/18 
B 2 3 K 31/00 
C 2 1 D 1/34 
C 2 1 D 9/50 
G 2 1 D 1/00 

// B 2 3 K 101 :06 
B 2 3 K 103:18 



(72) * 111 31^ 

:£j$»ige;rlT5E#lBr«fi^z:T 

02mm^ nm 
{72) §kmm iU2p: m 
{72) « 

Fi5^-A(##) 4E001 AA03 CA03 CA04 

4E068 AHOO BG02 CAOl 

CB)2 CE08 CF03 

4K042 BA07 CA16 DA06 



F I 



B 2 3 K 26/14 
B 2 3 K 26/18 
B 2 3 K 31/00 
C 2 1 D 1/34 
C 2 1 D 9/50 
G 2 1 D 1/00 
G 2 1 D 1/00 
B 2 3 K 101:06 
B 2 3 K 103:18 



F 

H 

1 0 1 A 
X 
B 



-T B 1 * 1 =IISxm*fe^^t±»PSfl&^rt 

-T g 1 * 1 Hgmx«^^^tt:»PitflS«^ 1^ 

-T g 1 # 1 =lliXfl*fe^^t±#Pigfi&^rt 

gl#l^ HSfiX«*^^^ttiS^^W^^rt 
0004 
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